OBJECTIVE: To determine the prevalence of obesity and reference percentile curves of body mass index (BMI; kg/m 2 ) in Japanese adults. DESIGN: Cross-sectional nationwide surveys (The National Nutrition Survey, Japan) carried out in 1990 ± 1994. A sample of 23 556 males and 28 751 females aged 15 ± 84 y was used for this analysis. RESULTS: The prevalence of grades 1 (BMI: 25.0 ± 29.9), 2 (30.0 ± 39.9) and 3 ( ! 40.0) overweight, was estimated to be 24.3%, 1.84% and 0.019% in males, respectively, and 20.2%, 2.87% and 0.032% in females, respectively, subjects aged 35 ± 64 y after standardization to the age-distribution of the standard world population (WHO, 1993). The agestandardized prevalence of obesity (for BMI ! 26.4, a criterion of the Japan Society for the Study of Obesity; and ! 30.0 was 13.6% and 1.86% in males, respectively, and 13.5% and 2.90% in females, respectively, subjects aged 35 ± 64 y. CONCLUSIONS: The standardized prevalence of obesity (BMI ! 30.0) in Japanese adults was quite low compared with the data in western populations.
Introduction
Obesity has become one of the major concerns in the ®eld of public health, because of recent increasing trends in diabetes mellitus 1 and hyperlipidaemia 2 in Japan. The National Nutrition Survey, Japan (J-NNS) has been in operation since 1946 and is the only nationwide data source of nutritional aspects, including anthropometric indices such as height, body weight and skinfolds thickness in Japanese adults. 3 Although body mass index (BMI) is commonly used as a criterion of obesity in many countries, 4, 5 other indices using combinations of weight and height or skinfolds thickness had been used in the J-NNS until 1992. This situation has made it dif®cult to describe the prevalence of obesity in Japan, especially for the purpose of international comparisons.
The aim of the present study is to describe BMI in Japanese adults and show reference percentile curves by age and gender, by means of reanalyzing the raw data sets of the J-NNS collected from 1990±1994 that include more than 52 000 Japanese citizens aged 15±84 y.
Materials and methods
We used data sets of J-NNS 1990±1994, which had been stored on magnetic tapes, with the permission of the Ministry of Health and Welfare, in order to make a sample size large enough for analysis strati®ed by gender and age at ®ve-year intervals.
Approximately 6000 households in 300 areas that were randomly selected from about 800 000 enumeration districts for the population census, were recruited for the J-NNS every year. The family members aged ! 15 y in the selected households, were invited for a health check at the local public health centers. Nurses in the public health centers measured body weight and height of the subjects who wore light indoor clothes and no shoes, using a spring scale and a stadiometer each year in mid-November.
There were 80 719 subjects aged one year or over (38 564 male and 42 155 female) in the merged data set of the J-NNS from 1990±1994 (1990 (n 17 986), 1991 (n 16 711), 1992 (n 15 694), 1993 (n 15 782), 1994 (n 14 546)). None or a very small number of the subjects are thought to be recruited more than once, because independent random sampling was done each year.
We excluded 15 416 persons aged`15 y or b84 y and 784 pregnant or lactating women from the initial data set, giving a total of 64 519 (30 704 male, 33 815 female). Among them, 23 556 males (76.7%) and 28 751 females (85.0%) had body weight and height data, and were included in this analysis.
Thereafter, we calculated BMI by use of the recorded body weight and height (kg/m 2 ), and described the proportion of the subjects with BMI of 25.0±29.9 (grade 1), 30.0±39.9 (grade 2) and ! 40.0 (grade 3) by gender and age at ®ve year intervals, according to the WHO recommendation. 5 In addition to these cutoff points, 26.4 6 (a value that exceeds the ideal BMI, 7 22.0 by 20%) has been used as a criterion of overweight in Japan. We also showed the prevalence of overweight according to this criterion. For international comparisons, we calculated the prevalence of grade 2 or 3 overweight (BMI ! 30.0) in a sub-sample for those aged 35±64 y, by the direct standardization method 8 to the age-structure of the new world population. 9 We determined the values of BMI corresponding to the 1st, 3rd, 5th, 10th, 15th, 25th, 50th, 75th, 85th, 90th, 95th, 97th and 99th percentiles by gender and age at two-year intervals. Then we calculated the running means by including ®ve points, covering every 10 years of age, to depict smoothed percentile curves as a reference BMI for either gender. Table 1 shows the number of subjects, mean and standard deviation of BMI, the proportion of the subjects in speci®c ranges of BMI by ®ve-year age categories. The number of subjects with a BMI of ! 40 was very small (six males (0.025%) and 11 females (0.038%)), therefore, we did not show agespeci®c prevalence in the table. The prevalence of grades 1, 2 and 3 overweight was estimated to be 24.3% (95% con®dence interval: 23.6±25.1), 1.84% (1.60±2.08) and 0.019% (0±0.046) in males, respectively, and 20.2% (19.6±20.8), 2.87% (2.61±3.13), and 0.032% (0.003±0.060) in females, respectively, subjects aged 35±64 y after standardization to the agedistribution of the world population. 9 The age-standardized prevalence of obesity (BMI ! 30.0) was 1.86% (1.63±2.10) in males and 2.90% (2.64±3.16) in females, subjects aged 35±64 y. The prevalence of grade 1 overweight or BMI ! 26.4, increased with age in females up to the age of 60 y and thereafter decreased, while it showed similar but less prominent trends with age in males. Figure 1 shows the smoothed percentile curves for each gender. The 50th percentile curve in males b20 y ranged between 21±23.5 and was relatively constant around 23 in the middle aged subjects. The percentile curves over 90th showed decreasing tendencies from the age of 30 y in males. On the other hand, the percentile curves of 50th or over in females, remarkably increased up to the age of 60 y, while the percentile curves below 10th declined from the age of 50 y.
Results

Discussion
This is the ®rst report that shows estimated prevalence of obesity in the general adult population in Japan, by using nationwide cross-sectional data. The annual reports of the J-NNS, published by the Ministry of Health and Welfare, have shown some data regarding Body mass index in Japanese adults N Yoshiike et al BMI for recent years, 10 but they were not detailed enough for epidemiological purposes. Therefore, we reanalyzed the latest raw data sets of the J-NNS 1990±1994, in which the participation rate for anthropometric measurements was about 80%, and it was thought to be acceptable. 5 Recently, a report of BMI for Japanese adults was published, 11 which included visitors to a certain health care center for medical checks and students of a university, as its subjects. As the sample used in that study cannot be considered representative of the Japanese population at large, we felt it necessary to describe the BMI of the Japanese population by using the largest data set available at present.
Recently, according to the WHO recommendation, 5 obesity has been classi®ed by three grades: grade 1, BMI 25.0±29.9; grade 2, BMI 30.0±39.9 and grade 3, BMI ! 40.0. Based on this classi®cation, we found that the prevalence of obesity estimated by international criteria (BMI ! 30) was quite low (2% or 3%) compared with the data in western populations (from 7±20%). 5, 12, 13 The latest paper to show the prevalence of obesity in the US, according to this classi®cation, used a large data set from the National Health and Examination Survey III.
14 The age-adjusted prevalence of grade 1 obesity in males and females aged 20±74 y were 39.4% and 24.7%, respectively. Our corresponding data for the subjects aged 35±64 y, 24.4% in males and 20.2% in females (Table 1) , were also lower than those in the US population, although the age categories and the populations used for the direct standardization method, were different between the two analyses.
Tokunaga et al 7 observed the lowest morbidity of obesity-related diseases at a BMI being around 22 y in a sample of Japanese adults. According to this result, the Japan Society for the Study of Obesity (JASSO) proposed a new standard body weight (in kilograms) de®ned as the height in meters squared, multiplied by 22 and classi®ed obesity as the values which exceed 20% of the standard body weight. 6 Based on this criterion, age-standardized prevalence of obesity (BMI ! 26.4) was about 13.5% for both genders in the age group 35±64 y.
The percentile curves may also be used as reference values to interpret the observed data for BMI in a speci®c gender and age group of Japanese citizens. Several reports published in recent years from other countries used the splicing technique, 15 Cole's method 16 or a locally weighed regression scatter-plot method, 17 to smooth the observed percentile values by age. However, we chose a running average method for that purpose, because the size of our sample was large enough for this simple method and the results derived from a running average were easier to interpret than those from other methods.
The prevalence of obesity (BMI ! 30.0) in the Japanese adult is considered to be much lower when Figure 1 Smoothed curves for the 1st, 3rd, 5th, 10th, 15th, 25th, 50th, 75th, 85th, 90th, 95th, 97th and 99th percentiles of body mass index (BMI) by age and gender (The National Nutrition Survey, Japan 1990 ± 1994).
Body mass index in Japanese adults N Yoshiike et al compared with western countries. Recent epidemiological studies, however, have revealed the prevalence of obesity-related diseases such as diabetes mellitus, hypertension or hyperlipidaemia has been signi®-cantly increased for BMI values ! 25 in Japanese adults. 18 Thus, overweight is considered to be one of the major health hazards in the Japanese and further intervention programs to reduce risks for obesityrelated diseases should be initiated as a part of national health policy.
